Background: Primary central nervous system lymphoma (PCNSL) is a rare malignant non-Hodgkin's lymphoma and it accounts for 1% of all intracranial tumors. Only a few PCNSL studies have been reported from India, and hence, we conducted the retrospective study in our institute to analyze the main clinical features at diagnosis and the treatment results in PCNSL. Materials and Methods: We retrospectively reviewed the medical records of 32 patients with PCNSL who were treated from 2003 to 2014. A complete history was recorded, and the physical examination included neurological assessment. Baseline investigations such as complete blood count, blood biochemistry, chest X-ray, HIV serology, and two-dimensional echocardiography were also done. Contrast-enhanced computed tomography (CT) of the brain or magnetic resonance imaging, positron-emission tomography (if affordable), cerebrospinal fluid (CSF) analysis for cytology, histopathological diagnosis (following stereotactic or open biopsy), CT of the thorax and abdomen, and bone marrow biopsy were done. All patients received whole-brain radiotherapy (WBRT) (36-50 Gy) followed by cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) regimen for six cycles. Clinical features and the treatment results were analyzed. Results: A total of 32 patients with PCNSL were studied. The median age was 50 years (range: 32-70 years). Male: female ratio was 2.5:1. All the 32 patients were histologically diffuse large B-cell lymphoma. The most common presenting symptom was headache in 20 (62.5%) patients. The area of involvement was mainly cerebral hemispheres in 22 (68.8%) patients. Multifocal involvement was seen in 22 (68.8%) patients. CSF cytology was negative in all patients. All patients received WBRT (36-50 Gy) followed by CHOP regimen for six cycles. All patients were compliant to radiation as well as chemotherapy. On a median follow-up of 18 months, the median overall survival was 14 months (range: 1-80). Conclusions: Breaking the blood-brain barrier with radiotherapy followed by CHOP chemotherapy results in reasonable outcome in patients of PCNSL, especially in the Indian setting where general built and tolerance is low-to high-dose methotrexate regimens. Newer chemotherapy regimens or targeted therapies need to be evaluated to further improve the survival.
all intracranial tumors in the early 1970s. However, the incidence of PCNSL has steadily risen by more than ten-fold, from 2.5 cases/10 million population in 1973 to 30 cases/10 million in 1992 in the past 20 years. [3] By 1990, PCNSL formed nearly 4%-7% of all primary brain tumors. [4] The acquired immunodeficiency syndrome (AIDS) epidemic was the main factor responsible for the rising shift that began in the 1980s. However, the increase in the incidence of PCNSL was also seen in immunocompetent patients without AIDS over roughly the same period. This rising trend among immunocompetent individuals remains unexplained. [1, 5] Some later reports showed stabilization or in fact a slight decline in the incidence of PCNSL. [6] Few Indian studies also suggested that there has been no rise in the incidence of PCNSL. [2, [7] [8] [9] We conducted the retrospective study in our institute to analyze the main clinical features at diagnosis and the treatment results in PCNSL over a period of 11 years at our institute which is a referral cancer hospital.
Materials and Methods
We retrospectively reviewed the medical records of 32 patients with PCNSL who were treated from 2003 to 2014. A complete history was recorded, and the physical examination included neurological assessment. Baseline investigations such as complete blood count, blood biochemistry, chest X-ray, and two-dimensional echocardiography were also done. HIV serology was done in all patients. Contrast-enhanced computed tomography (CT) of the brain or magnetic resonance imaging, positron-emission tomography (if affordable), cerebrospinal fluid (CSF) analysis for cytology, histopathological diagnosis (following stereotactic or open biopsy), CT of the thorax and abdomen, and bone marrow biopsy were done. All patients received whole-brain radiotherapy (WBRT) (36-50 Gy) followed by cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) regimen for six cycles. Clinical features and the treatment results were analyzed.
Results
During the study period, there were 2423 intracranial neoplasms, of which 32 were PCNSLs, giving a percentage of 1.32%. A total of 32 patients with PCNSL were studied. The median age was 50 years (range: 32-70 years). Male: female ratio was 2.5:1 All patients were immunocompetent. The most common presenting symptom was headache in 20 (62.5%) patients. The area of involvement was mainly cerebral hemispheres in 22 (68.8%) patients. Multifocal involvement was seen in 22 (68.8%) patients. CSF cytology was negative in all patients [ Tables 1 and 2 ].
All the cases showed the features of NHL and were histologically classified as diffuse large B-cell lymphoma (DLBCL). All patients received WBRT (36-50 Gy) followed by CHOP regimen for six cycles. All patients were compliant to radiation as well as chemotherapy. Complete response (CR) was seen in 24 (75%) patients, partial response was observed in 4 (12.5%) patients, and 4 (12.5%) patients had progressive disease. Six patients relapsed out of 24 patients with CR. Disease recurred at the original site (n = 2), at a new site in the brain (n = 1), at the original and a new site (n = 1), and 2 patients had ocular relapse. Overall, 18 (56.25%) patients were disease free at a median follow-up of 18 months. On a median follow-up of 18 months, the median overall survival was 14 months (range: 1-80) [Tables 3, 4 and Figure 1 ]. 
Discussion
The incidence of PCNSLs in India has been quite constant through the years, as suggested in previous as well as in the present study. [7, 8, 10] The median age of patients in our study was 50 years, which is almost the same as observed in other parts of India. [7, 8, 10] However, this a whole decade earlier than those reported in the West. This has been attributed to the demographic pattern of the Indian population. [8] In the present study, all patients were immunocompetent. A male preponderance was reported which is in line with other studies that have reported male preponderance among the immunocompetent population. [5, 7, 8, 11] All the patients were histologically diagnosed as DLBCL in our study. The treatment remains an important prognostic parameter in PCNSL of immunocompetent patients. Patients who received chemotherapy in combination with radiotherapy have a significantly better outcome when compared to cases who received radiotherapy or chemotherapy alone. The historical mainstay of therapy in PCNSL was previously WBRT alone. [12] Because of the limited long-term efficacy of WBRT alone, there has been considerable interest in combining chemotherapy with WBRT to improve response and survival. CHOP-based chemotherapies have been studied [13] but have not offered additional survival benefit to the radiation used alone, presumably because of the lack of penetration to the CNS. Subsequently, research has been on the role of systemic methotrexate at doses known to penetrate into the CNS preceding WBRT in PCNSL. The results with high-dose methotrexate have shown better overall survival when combined with radiotherapy but at the cost of higher toxicity. [14, 15] In developing countries like ours, a good number of patients cannot tolerate high-dose methotrexate because of poor general condition and financial constraints. High myelosuppression and severe neurological toxicity is present with high-dose methotrexate which needs intensive care in high dependency unit (HDU), availability of which is a question mark in our resource constraint country. Thus, WBRT, which takes care of the local disease and breaking blood-brain barrier (BBB) followed by systemic CHOP-based chemotherapy, seems to be a viable option where general condition and affordability of the patients are poor for HDU setting.
Conclusions
Our study shows that there has been no significant rise in the incidence of PCNSL over the past 13 years, which is in line with the findings of previous studies from India. [2, 7, 8, 10] PCNSL is most commonly seen in the middle-aged, and DLBCL is the most common histological pattern. Unlike the West, the association of PCNSL with HIV/AIDS in India is very low despite the high prevalence of HIV/AIDS cases. Breaking the BBB with radiotherapy followed by CHOP chemotherapy results in reasonable outcome in patients of PCNSL, especially in the Indian setting where general built and tolerance are low-to high-dose methotrexate regimens.
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